Purpose: To evaluate the presence of snake-like chromatin (SLC) cell protein (related to eye rubbing) in patients with keratoconus or allergic conjunctivitis and in controls.
INTRODUCTION
Keratoconus is a corneal ectatic disorder characterized by bilateral conical protrusion and thinning. 1 According to the United States Eye bank and International Eye banking statistics, keratoconus represents the second most common reason for corneal transplantation. 2 Its prevalence has been estimated with a fairly wide range, between 0.0003% and 2.34%, and it is attributed to different geographical areas, genetics, nutrition habits, and ethnicities. 3 Despite the recent and great advances that have been made in the diagnosis and treatment of keratoconus, the exact cause of this disease is not known; however, it is attributed to being a multifactorial disease for which genetic, biomechanical, and environmental components play important roles. 4 Significant risk factors have been described, including age (younger), gender (male), eye rubbing, atopia, parents' education, positive family history, Down syndrome, Leber congenital amaurosis, and others. [5] [6] [7] However, eye rubbing has been the focus in past years, and it has been questioned whether this is a risk factor or if it could be the cause of keratoconus. [8] [9] [10] [11] [12] [13] [14] [15] The snake cell protein is a nuclear morphologic alteration of the conjunctival epithelium. It is a condensation and segmentation of the chromatin. Because the morphological features look like a snake, it is called SLC. The SLC has been considered an indicator of mechanical stress on the ocular surface because a mechanical stimulus is able to alter the nuclear skeleton in this way. 16, 17 The aim of this study was to evaluate the presence of SLC cell protein related to chronic mechanical trauma induced by eye rubbing in patients with keratoconus or allergic conjunctivitis and in controls.
MATERIALS AND METHODS
This prospective experimental study included 193 new patients with keratoconus, 88 controls, and 19 with allergic conjunctivitis who attended the Oftalmosalud Instituto de Ojos (Lima, Peru), from January 2015 to July 2016. The study complied with the Declaration of Helsinki. The ethics committee and IRB of Oftalmosalud approved the study. Written informed consent was obtained from all patients.
Inclusion criteria for the keratoconus group were: New keratoconus diagnosis; not being a contact lens
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user during the past 8 months; diagnosis of keratoconus defined by the presence of one or more clinical signs (corneal stromal thinning, Vogt striae, Fleischer ring, scissoring of the red reflex, or oil droplet sign); and topographic/tomographic signs (an increased area of corneal power surrounded by concentric areas of decreasing power, inferior-superior power asymmetry, and skewing of the steepest radial axes above and below the horizontal meridian). 18 Inclusion criteria for allergic conjunctivitis were at least one of the subjective, objective, and cytology inclusion criteria. Patients with seasonal allergic conjunctivitis, for which symptoms appear in a seasonal manner, and perennial allergic conjunctivitis, for which symptoms persist throughout the year, were included. The subjective symptom was itching. Objective symptoms included conjunctival hyperemia, dilated conjunctival vessels, and a conjunctival follicle under the lower palpebral conjunctival epithelium. For inclusion, the patients were required to be positive for eosinophil according to the IC of the conjunctiva. Only one eye for each patient was included in the study. [19] [20] [21] Inclusion criteria for the control group were patients who attended the clinic for annual examinations; no ocular symptoms or ocular pathology; no irregular corneal patterns; no previous ocular surgery; no significant refractive errors; not being a contact lens user during the past 8 months; and no clinical and tomographic signs of keratoconus or scissoring on retinoscopy.
IC Procedure
During IC, a light microscope was used at 40× magnification. Under topical anesthesia, a strip of cellulose acetate filter paper was placed on the upper, lower, and tarsal bulbar conjunctiva for 5 seconds. The strips were fixed with 95% ethanol, stained with PAS and hematoxylin, and then fixed to a slide.
Dry Eye Assessment with IC
Under the light microscope, the nucleus-to-cytoplasm ratio, intercellular spaces, nucleus morphology, epithelial cell morphology, cytoplasmic staining, and number of goblet cells were evaluated. Nelson's 1983 scale was used for classification.
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Snake Cell Protein Assessment
We observed the conjunctival cells obtained by IC and evaluated the presence of snake-like condensations of the nuclear chromatin of conjunctival epithelial cells in 1 × 1 mm field, and considered positive if there were more than two cells with this type of condensation.
Statistical Analysis
Statistical analyses were performed using R software version 3.4.1. Pairwise comparisons were made between each of the proportions of the study groups using pairwise comparisons using Fisher's exact test with correction for multiple testing by Holm. All comparisons were performed using α = 0.05.
RESULTS
One hundred ninety-three eyes of 193 patients were included: 86 eyes in the keratoconus group, 19 eyes in the allergic conjunctivitis group, and 88 eyes in the control group. Mean ages of the keratoconus, allergy, and control groups were 25.12 [standard deviation (SD): 5.79], 24.5 (SD: 6.48), and 27.58 (SD: 5.8) years, respectively with no statistically significant differences between them (p > 0.05). Table 1 shows the eye-rubbing habits, presence of SLC cells, and prevalence of dry eye in each group. Figure 1 shows the SLC of a keratoconus patient with an eye-rubbing habit of six times per week.
In the keratoconus group, 56.97% (49/86) of the patients reported rubbing their eyes. Of these eyes, SLC was detected in 24.41% (21/86) of the eyes; the frequency of eye rubbing for those with keratoconus and the presence of SLC was 4.47 (SD: 1.47) days per week; SLC was no detected in 32.55% (28/86) of the patients who referred to rubbing their eyes, the frequency of eye rubbing in those patients was 2.03 (SD: 1.45) days/ week. Moreover, 43.02% (37/86) of keratoconus patients did not have an eye-rubbing habit; SLC was detected in two of these eyes.
In the allergy group, 84.21% (16/19) of patients reported rubbing their eyes; of these eyes, SLC was detected in 73.7% (14/19) ; the eye-rubbing frequency for those with an allergy and the presence of SLC was 4.42 (SD: 1.39) days per week, and for those without SLC was 2 (SD: 1.41) days/week. Furthermore, 15.78% (3/19) of In the control group, 10.11% (9/89) of the patients reported rubbing their eyes; of these eyes, SLC was detected in 3.37% (3/89); the eye-rubbing frequency for those in the control group who rub their eyes and with SLC was 4 days per week (SD: 0.81); 7.86% (7/89) without SLC and eye-rubbing habit had a frequency of eye rubbing of 1.2 days per week (SD: 0.44). Furthermore, 89.88% (80/89) of control group patients did not rub their eyes; SLC was detected in 1.12% (1/89) of these eyes.
DISCUSSION
Although in the past two decades, many advances have been made regarding keratoconus diagnosis and treatment, its cause is still unknown. 5 Therefore, it has been postulated as a multifactorial disease. 4, 5, 7, 22, 23 Multiple studies have revealed an association with certain genes; 22, 24 however, it currently cannot be diagnosed based on genetic screening. 23, 24 Eye rubbing has been postulated as a significant risk factor by several authors. 3, 5, 7, [25] [26] [27] However, few studies [8] [9] [10] [11] [12] [13] [14] [15] have referred to eye rubbing as the cause of keratoconus; therefore, it has recently attracted attention. Mashor et al. 9 reported three patients with Tourette syndrome and asymmetrical or unilateral keratoconus. Koenig et al. 11 described bilateral recurrent keratoconus in a patient with self-induced keratoconus secondary to compulsive eye rubbing. Yeniad et al. 12 reported a case of recurrent keratoconus after penetrating keratoplasty due to allergic conjunctivitis. Diniz et al. 13 reported a case of unilateral keratoconus associated with continual eye rubbing due to nasolacrimal obstruction. Ioannidis et al. 14 reported a case of unilateral keratoconus in a healthy child with chronic and persistent eye rubbing. Jafri et al. 15 reported a series of cases of asymmetric keratoconus attributed to eye rubbing. Gatinel 8 recently reported the hypothesis that keratoconus may never occur in a cornea that is not subjected to repeated mechanical trauma. Although most of these cases indicate eye rubbing as a cause of keratoconus, the majority of researchers did not perform genetic or inflammatory screenings for these patients. In our opinion, this is difficult to understand when there are studies 27, 28 that have reported a very low prevalence of keratoconus in a large series of vernal keratoconjunctivitis patients and a nonsignificant association between eye rubbing and keratoconus prevalence. Eye-rubbing habits revealed that patients with allergic conjunctivitis had the highest tendency for eye rubbing (84.21%) compared with those with keratoconus (56.97%) and controls (10.11%). In accordance with these results, the presence of SLC was significantly more frequent in the eyes of allergic conjunctivitis patients than in those with keratoconus and controls.
The results of the present study demonstrate that it is possible to determine whether patients are chronically rubbing their eyes by looking at the chromatin alteration in the conjunctival epithelial cells due to the mechanical effects of eye rubbing, thus indicating that keratoconus can occur in patients without eye rubbing and refuting the hypothesis of eye rubbing as an essential characteristic of keratoconus. It should be emphasized that our study does not demonstrate the relationship between eye rubbing and keratoconus progression, and it does not deny the effects of eye rubbing on the cornea. It is well known that eye rubbing induces changes in epithelial thickness, tear film, and keratometry. 29, 30 However, until now, it has not been possible to prove that keratoconic topographic alterations are due to the effects of eye rubbing or to intrinsic disease. In this series, 43.02% of keratoconus patients reported not rubbing their eyes, and SLC was found in two of these eyes (2.32%). In contrast, of the 57% of keratoconus patients who reported rubbing their eyes, SLC was present in 21 (24.41%) of them. Although the presence of SLC was greater in the eyes of patients with an eye-rubbing habit, there were 28 patients who reported eye rubbing but did not have SLC. This could be due to the presence of SLC is associated with chronic mechanical trauma. Patients with an eye-rubbing habit and SLC had an eye-rubbing frequency of 4.47 days per week, whereas keratoconus patients with an eye-rubbing habit but without SLC had an eye-rubbing frequency of 2.03 days per week. Although it is not possible to objectively measure how much the individuals are rubbing their eyes, our results suggest that the greater the mechanical trauma, the greater the probability of finding this nuclear alteration. However, two keratoconus eyes and one normal eye showed the presence of SLC in those without an eye-rubbing habit. This is in agreement with the work of Knop and Reale, 17 who reported that SLC can be observed in a small proportion of the "normal" population, but the frequency is never as high as that for those experiencing chronic mechanical friction. The SLC could represent a way to objectively measure the impact of eye rubbing on the ocular surface. To the best of our knowledge, this is the first study that evaluates the presence of SLC cell protein related to chronic mechanical trauma induced by eye rubbing in patients with keratoconus. The SLC is a nuclear alteration that occurs under pathological conditions and in different tissues. 16, 31, 32 Although it is not a specific alteration that occurs only with eye rubbing, the presence of SLC accompanies mechanical irritation and is considered an indicator of mechanical stress on the ocular surface. 17 Some studies have found it in the conjunctiva of contact lens users, thus arguing that the eyelid stroke generates repeated displacement of the contact lens with consequent friction against the bulbar conjunctival surface. 17 In chronic dry eye patients, SLC is attributed to the increase of mechanical friction between the eyelid and the ocular surface. 22, 23 However, this has also been found with other conditions, such as eye surgery and is usually associated with chronic mechanical irritation or trauma. 17 Some hypotheses regarding the cause of keratoconus related to eye rubbing are the release of inflammatory mediators, 26 increased corneal temperature (thereby explaining corneal deformation), 29 epithelial thinning, large intraocular pressure spikes, and others. 33 However, it is difficult to prove that the mechanical stress induced by severe eye rubbing can cause structural changes to the cornea but not to the chromatin of conjunctival epithelial cells, which is altered by eye rubbing, contact lens use, and dry eye friction. 17, 22, 24 A limitation of our study was that SLC was evaluated based on epithelial conjunctival cells instead of corneal epithelial cells because SLC has been studied just in conjunctival cells. However, it is widely known that keratoconus eyes present not only alterations limited to the cornea but also tears, and that the conjunctiva expresses inflammatory alterations. Therefore, we believe that conjunctival epithelial cells are a reliable source for measuring the mechanical trauma induced by rubbing. In fact, patients are rubbing the eye, and not specifically the cornea.
With regard to dry eye, we show that patients with keratoconus have a much greater prevalence of dry eye than controls; however, the prevalence is very similar to that of those with allergic conjunctivitis. This supports the results of several studies that have shown a relationship between inflammation and keratoconus. 26, 34 In conclusion, this study shows that SLC cells have a higher frequency in patients with chronic eyerubbing habits. The SLC could be an objective indicator of mechanical trauma in epithelial conjunctival cells due to chronic eye rubbing. However, keratoconus can occur in a cornea that is not subjected to eye rubbing. Further studies are needed to demonstrate the association between eye rubbing and keratoconus progression.
